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DIELECTRIC WAVEGUIDE ANTENNA WITH
IMPROVED INPUT WAVE COUPLER

FIELD OF THE INVENTION

The mvention relates to dielectric waveguide antennas
and more particularly to millimeter wavelength antennas
that have a rotatable drum.

BACKGROUND OF THE INVENTION

Dielectric waveguide antennas are described 1n U.S. Pat.
Nos. 6,211,836 and 5,959,589 1ssued Apr. 3, 2001 and Sep.
28, 1999 respectively and assigned to the assignee of the
present application. The above-noted patents are incorpo-
rated herein by reference.

Such antennas operate by coupling electromagnetic

waves out of a dielectric waveguide to a rotating drum and
radiating the coupled energy in patterns determined by
features on the surface of the drum.

The efficiency of these antennas depends on the VSWR
and scattering losses created when inputting electromagnetic
signals 1nto the waveguide.

Accordingly, a need exists for an 1mproved drum-type
dielectric waveguide antenna that has reduced 1nput signal
coupling losses and a lower VSWR compared to prior art
antennas of the rotating drum type.

BRIEF SUMMARY OF THE INVENTION

Arotatable drum dielectric rod waveguide antenna assem-
bly with an improved 1nput wave coupler 1s described.

The antenna assembly comprises an mput wave coupler
into which an electromagnetic wave 1s launched, a dielectric
waveguide, and a rotating metallic drum, 1n close proximity
to the waveguide, to control radiated electromagnetic energy
between the waveguide and drum.

The mput wave coupler of the invention further comprises
a horn-shaped element and a metal extension for matching
the characteristics of a feeding waveguide to those of the
dielectric waveguide. The coupler operates to reduce VSWR
return losses and scattered radiation from edges of the drum.

Additional embodiments of the invention include a reflec-
tor and a cylindrical lens to form and direct radiation out of
the waveguide and drum.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s an illustrative view of an antenna assembly of
the 1invention;

FIG. 2 1s a cross-sectional view of the mnput wave coupler
of the invention;

FIG. 3 1s a cross-sectional view of an extended horn
embodiment of the 1nput wave coupler of the mvention;

FIG. 4 1s a cross-sectional view of an alternative horn
embodiment of the 1nvention;

FIG. 5 1s an illustrative view of an antenna assembly of
the 1nvention including a retlector; and

FIG. 6 1s an illustrative view of an antenna assembly of
the 1nvention including a cylindrical lens.

DETAILED DESCRIPTION OF THE
INVENTION

With reference to FIG. 1, a millimeter wavelength antenna
10 of the invention comprises a single mode dielectric
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waveguide 11, an mput signal coupler 12 mcluding a horn-
shaped element 13 and metal extension 14, and a rotating
metal drum 135.

The waveguide 11 1s fabricated from a circular rod of
dielectric material, such as quartz, Teflon, or a ceramic, with
an appropriate rod diameter to conduct millimeter wave-
length electromagnetic waves.

Arotating metal drum 135 1s placed 1n close proximity with
the waveguide rod 11 to couple evanescent electromagnetic
waves between the drum and the rod. In addition, as
described 1n the above referenced patents, the metal body of
the drum 15 can be formed with a pattern of grooves 16, to
direct the propagation of radiation from the waveguide and
drum assembly.

The drum 135 1s preferably cylindrical in shape but may
also be conical or elliptical to produce desired beam shapes.

The horn-shaped element 13 of the 1input signal coupler 12
of the 1mvention i1s preferably made of metal and 1s posi-
tioned 1 energy-coupled relationship with a metal extension
14 that abuts the drum 15. The waveguide rod 11 1s coupled
to the horn-shaped element 13 and extends through the
center of the horn coaxially with and along the length of the

drum 15.

In operation, the properties of the horn-shaped element
are chosen so that electromagnetic characteristics of a feed-
ing waveguide (not shown) are matched to the dielectric rod
waveguide. By matching waveguide characteristics, return
losses are minimized and a lower VSWR 1s obtained,
improving overall antenna efficiency.

To reduce scattering of electromagnetic radiation from
cedges of the drum, the arc-shaped metal extension has a
radius equal to that of the drum and extends axially outward
from an edge of the drum.

Improvements 1n antenna performance can be realized by
varying the geometry of the horn-shaped element. For
example, as shown in FIG. 2, an arc-shaped cutout 1n the
horn 13, conforming to the diameter of the drum 14, can
improve electromagnetic wave coupling.

Increasing the length (L) of the horn 13, as illustrated in
FIG. 3, can improve antenna efficiency by providing
increased signal coupling to the dielectric waveguide 11.

A conical horn element and circular rod waveguide, are
illustrated 1n FIG. 1, however other types of horn elements
and waveguide shapes can be used. A funnel-shaped horn 17
and a rectangular rod waveguide 18, for example, are shown

in FIG. 4.

The antenna assembly of the invention may additionally
include a metallic reflector to direct energy radiated by the
antenna. As shown in FIG. §, a reflector 19, having a
parabolic surface with a focus line 21 located near the
waveguide 22, is oriented to direct the elevation (vertical)
propagation of radiation from the waveguide and drum
assembly 20. The reflector may also have a more complex
surface to form the shape of the beam 1n the vertical plane.

A cylindrical lens, made of Teflon, polystyrene, or
polyethylene, may be used in the antenna assembly to form
the radiated beam 1n the vertical plane. As shown in FIG. 6,
a semi-cylindrical lens 31 1s positioned close to the
waveguide and drum assembly 30 so that the focus line of
the lens 1s near the waveguide rod 34. In this configuration,
the lens forms the shape of the beam 1n the vertical plane but
does not change the direction of propagation of the radiated
wave. A tapered cylindrical lens may be used to alter the
shape of the beam 1n the azimuth plane.

Although the various features of novelty that characterize
the 1mvention have been described in terms of certain pre-
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ferred embodiments, other embodiments will become appar-
ent to those of ordinary skill mn the art, mm view of the
disclosure herein. Accordingly, the present invention 1s not
limited by the recitation of the preferred embodiments, but
1s 1nstead intended to be defined solely by reference to the
appended claims.

What 1s claimed 1is:

1. A drum millimeter waveguide antenna assembly com-
prising:

a dielectric waveguide;

an 1nput signal coupler for matching the electromagnetic
characteristics of a feeding waveguide to said dielectric
waveguide said coupler comprising a horn-shaped ele-
ment having an axial opening therethrough to receive
said dielectric waveguide and a metal extension 1n
proximal relationship with said horn-shaped element;

a rotatable metal drum positioned 1n energy-coupled
relationship with said input signal coupler whereby
evanescent electromagnetic waves are coupled between
sald drum and said input signal coupler to direct the
propagation of radiation from said antenna assembly.

2. The rotatable metal drum of claim 1 wherein the body
of said drum 1s formed with a pattern of grooves to direct the
propagation of radiation from said input signal coupler and
waveguide.

3. The dielectric waveguide of claam 1 wherein said
waveguide 1s a single-mode waveguide.

4. The dielectric waveguide of claiam 1 wheremn said
dielectric 1s selected from the group consisting of ceramics,
quartz and Tetlon.

5. The dielectric waveguide of claiam 1 wheremn said
waveguide 1s fabricated as a circular rod.

6. The dielectric waveguide of claim 1 wherein said
waveguide 1s fabricated as a rectangular rod.

7. The dielectric waveguide of claim 1 wheremn said
wavegulde conducts millimeter wavelength electromagnetic
waves.

8. The horn-shaped element of claim 1 wherein said
horn-shaped element 1s made of metal.

9. The horn-shaped element of claim 1 wherein said
horn-shaped element 1s conical in shape.

10. The horn-shaped element of claim 1 wherein said
horn-shaped element has a peripheral cutout conforming to
a radius of said drum.

11. The metal extension of claim 1 whereby the shape of
said extension conforms to a radius of said drum.

12. The metal extension of claim 1 whereby said exten-
sion extends axially outward from an edge of said drum.

13. The antenna assembly of claim 1 further comprising
a reflector to reflect electromagnetic signals that are evanes-
cently coupled with said dielectric waveguide.

14. An mput signal coupler for matching electromagnetic
characteristics of a feeding waveguide to a dielectric
waveguide 1 a drum millimeter waveguide antenna assem-
bly comprising;:

a horn-shaped eclement having an axial opening there-
through to receive said dielectric waveguide; and

a metal extension abutting said drum and in proximal
relationship with said horn-shaped element said exten-
sion operating to reduce scattering of electromagnetic
energy from the edges of said drum.

15. The dielectric waveguide of claim 14 wherein said

waveguide 1s a single-mode waveguide.

16. The dielectric waveguide of claim 14 wherein said

dielectric 1s selected from the group consisting of ceramics,
quartz and Teflon.
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17. The dielectric waveguide of claim 14 wherein said
waveguide 1s fabricated as a circular rod.

18. The diclectric waveguide of claam 14 wherein said
waveguide 1s fabricated as a rectangular rod.

19. The dicelectric waveguide of claiam 14 wherein said
waveguide conducts millimeter wavelength electromagnetic
waves.

20. The horn-shaped element of claim 14 wherein said
horn-shaped element 1s made of metal.

21. The horn-shaped element of claim 14 wherein said
horn-shaped element 1s conical in shape.

22. The horn-shaped element of claim 14 wherein said
horn-shaped element has a peripheral cutout out conforming
to a radius of said drum.

23. The metal extension of claim 14 whereby the shape of
said extension conforms to a radius of said drum.

24. The metal extension of claim 14 whereby said exten-
sion extends axially outward from an edge of said drum.

25. The antenna assembly of claim 14 further comprising
a reflector to retlect electromagnetic signals that are evanes-
cently coupled with said dielectric waveguide.

26. A reflector for a drum millimeter waveguide antenna
assembly said assembly comprising a dielectric waveguide
and an 1nput signal coupler having a horn-shaped element
with an axial opening therethrough to receive said dielectric
wavegulde and a metal extention 1 proximal relationship
with said horn-shaped element whereby said reflectors
directs the propagation of evanescently coupled energy
radiated by said antenna assembly.

27. The reflector of claim 26 wherein said reflector 1s
made of metal.

28. The reflector of claim 26, said reflector having a
parabolic shape with a focus line 1n close proximity to said
dielectric waveguide to direct the vertical propagation of
radiation from said antenna assembly.

29. The reflector of claim 26, said reflector having a
surface shaped to form said radiated energy in a vertical
plane.

30. The reflector of claim 26 wherein said reflector 1s a
lens.

31. The lens of claim 30 wherein said lens 1s cylindrical.

32. The lens of claim 30 wherein said lens 1s semi-
cylindrical.

33. The lens of claim 30 wherein said lens 1s a tapered
cylindrical lens configured to alter the shape of radiated
energy 1n a horizontal plane.

34. The lens of claim 30 wherein said lens 1s made of
material from the group consisting of Teflon, polystyrene
and polyethylene.

35. A method of matching the electromagnetic character-
istics of a feeding waveguide to a dielectric waveguide 1n an
antenna assembly comprising the steps of:

providing an input signal coupler to couple said feeding
waveguide to said dielectric waveguide; and

providing a horn-shaped element 1n said signal coupler
said element having an axial opening therethrough to
receive said dielectric waveguide and a metal extention
in proximal relationship with said horn-shaped element
whereby the electromagnetic properties of said horn-
shaped element are chosen to lower the VSWR and
return losses of said signal coupler.
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